The manufacture of rayon by the viscose process exposes workers to the hazards of carbon disulphide (CS2) poisoning. When the viscose industry was started the toxicity of carbon disulphide was scarcely known among manufacturers, and the processes used were primitive; this resulted in many cases of CS2 poisoning in all those countries where viscose plants had been established. Since then, technicians, besides trying to increase and improve production, have had to solve the problem of protecting workers against the hazards of CS2.
Italy was one of the first countries to undertake the production of rayon and staple yam by the viscose process. Until 1936 Italy was one of the leading European producers of rayon and staple. This industry was afterwards greatly developed in other countries and Italy now ranks third; the output in 1951, however, was 137,000 tons, that is, one-fifteenth of the world's production (Viviani and Graziano, 1952) .
The viscose industry in Italy employs at present over 20,000 workers; unfortunately, there are still cases of carbon disulphide poisoning, but since the beginning of the industry the clinical features of the intoxication have undergone a marked change.
The greatest expansion in the viscose industry in Italy was from 1924 to 1927, during which period production was trebled, increasing from 8,000 to 26,000 tons. In those years the limited preventive measures and the frequent modifications of processes must have caused many cases of intoxication, but, since CS2 poisoning was not a compensatable occupational disease until 1934, we have no available data as to its incidence.
In 1933, Ranelletti collected in a monograph 80 published cases of carbon disulphide poisoning which had occurred in Italy. The incidence of symptoms * Based on a paper read at the XIth International Congress on Industrial Medicine, Naples, 1954. was acute psychosis 52%, anaemia and exhaustion 17%, polyneuritis 17%. In newer statistics by Ranelletti, published in 1935 , the percentage of polyneuritis had increased to 25%.
Between 1928 and 1934 Quarelli and his colleagues described some cases of Parkinson's disease and other extrapyramidal syndromes as due to carbon disulphide poisoning.
At the eleventh Italian Congress of Industrial Medicine in 1934 Quarelli stated that he had seen many cases of poisoning in the previous few years. Symptoms of the disease were a decrease of muscular strength, and sexual weakness, hypo-excitability of the nerves and muscles, particularly the peroneus, and, in almost 30% of the cases, signs of extrapyramidal involvement. The existence of an extrapyramidal syndrome in carbon disulphide poisoning was later acknowledged and confirmed by others, not only in Italy. In the United States, Hamilton and Lewy (1939) collected 120 cases of poisoning, 33% of which showed extrapyramidal symptoms; Gordy and Trumper (1938) Finland, France, Belgium, Poland, Holland. Germany (Noro, 1944; Langelez, 1946; Paluch. 1948; Merlevede, 1951 ; von der Heydt, 1954) . with severe polyneuritis or general manifestations. The case with pseudobulbar paralysis and the case of hemiparesis are very similar to those I frequently observed in the later years; they concerned workers exposed for many years to CS2 and could be considered as cases of vasuclar encephalopathy. Table 3 shows the distribution of the cases in the departments of C. and P. factories.
For the 43 workers the average working period by age groups was as in Table 4. 238zBRITISH JOURNAL OF INDUSTRIAL MEDICINE Other observations of cases similar to mine, e.g., one case described by Laudenheimer (1899) in a woman aged 32, the only woman who resisted 10 years' working with CS2; two cases observed by myself in 1940 (Vigliani, 1946) , one diagnosed as " pseudobulbar. paralysis due to CS2", and one of hemiplegia; one case of carbon disulphide vascular disease described by Gsell (1948) alterations in the small arteries of the brain and retina. This observation strengthens the probability that high blood pressure in young viscose rayon workers may not be purely coincidental." In cats poisoned for a period of one to three months with 8 to 10 mg./l. of CS2 for one to three hours a day, Ferraro, Jervis, and Flicker (1941) found gross alterations of the cortex cerebri vessels, with thrombosis and foci of cerebral weakening; Carratala and Lambre (1951) found also cases of proliferative endovasculitis in various organs of animals poisoned with CS2.
I have exposed for several months albino rats to concentrations of CS2 ranging from 0-4 to 0-6 mg./l. for six hours daily. While the controls did not show vascular lesions, the rats exposed to CS2 study of atherosclerosis in rats and guinea-pigs exposed to different concentrations of CS2. Nunziante-Cesaro, Sipala, and Zunini (1952) have recently confirmed on viscose workers some of the experimental results of Lewey; they frequently saw angiospasms in the retinal arteries accompanied by increased vascular fragility and spasms of the arterial side of the capillaries visible to capillaroscopy.
All these facts support the assumption that a very long exposure to hazardous concentrations of CS2 may cause or greatly enhance a diffuse atherosclerosis of the arterial blood vessels and capillaries, resulting in encephalopathic and/or nephrosclerotic damage. According to this belief, one, and most probably the greatest, section of modem chronic CS2 pathology should be referred to a toxic vasculopathy, According to the modern views on the pathogenesis of the atherosclerosis, CS2 could interfere with the metabolism of lipoproteins. The determination of the 3/oc lipoprotein ratio carried out in several of our patients gave values as high as 15, whereas the normal is less than 4. Relatively high ratios have been found also amongst workers exposed for several years to CS2 but without any symptoms: it is possible to conceive that the action of CS2 consists in the inhibition of the clearing factor in the blood, thus preventing the transformation of the more coarsely dispersed 3-lipoproteins in the finely dispersed oc-lipoproteins.
The discovery of the existence of a chronic vascular encephalopathy from CS2 shows that we must review our opinion on the maximum allowable concentration of CS2 in the air. We had taken as safe concentrations 0 07 mg./l. of CS2, but are we sure that such a value cannot cause a chronic encephalopathy in 20 to 30 years ? The cases I had observed came from plants where concentrations, at least during the war, were very high, and where cases of classical poisoning with polyneuritis were found; but the four cases observed by Uehlinger (1952) had been exposed for 13 to 25 years to concentrations of CS2 ranging from 0 05 to 0-1 mg./l., with occasional exposures as high as 0-15 mg./l. The possibility of brain lesions having a chronic course and a delayed appearance as those described in this paper should be a sufficient inducement to improve the control and to fix a very low value for the maximum allowable concentration of CS2.
Summary
The production of artificial textile fibres by the viscose process exposes workers to the hazard of carbon disulphide (CS2) Patients with chronic encephalopathy exhibited symptoms of pseudobulbar paralysis with mental deterioration, frequent extrapyramidal involvement, and focal signs of cerebral thrombosis. Sixteen cases were associated with hypertension and five had kidney insufficiency with albuminuria. Clinical features, electroencephalograms, and cerebral arteriography of several cases and necropsy of three cases revealed that the encephalopathy was vascular in nature and due to a sclerosis of the small arteries and capillaries of the brain and spinal medulla. In one case, a renal glomerulosclerosis of the Kimmelstiel-Wilson type was observed.
Experimental exposure of rats and guinea-pigs for several months to concentrations of CS2 ranging from 04 to 0-6 mg./l. produced hyperplasia and sclerosis in the media and intima of the brain arterioles. The hypothesis is advanced that prolonged exposure to CS2 can lead to a favourable situation for producing atherosclerosis.
Viviani, E., and Graziano, L. (1952 Case 11.-Con. A., aged 51, had been employed at Plant C. as a spinner for 29 years. In September, 1949, he had paresis of the right side for which he left his work. He was admitted to hospital in 1949 with encephalopathy with right motor and coordinatory paresis, and signs of pyramidal and extrapyramidal involvement. Blood pressure was 160/110 mm. Hg. Disability was 100%.
Case 12.-Mog. O., aged 48, had been a churner for three years and a rayon bobbin washer for 11 years at Plant P. In 1948 he had CS2 poisoning and left work in October, 1949. He was admitted to hospital in 1949 with a mild right paresis, tremors, psychic depression, initial renal insufficiency, and mild diabetes mellitus. Blood pressure was 170/95 mm. Hg. Disability was 40%' Case 13.-Mar. I., aged 52, had worked at Plant P. for 24 years at the preparation of the viscose. In June, 1948, he had a motor deficit of the hands for which he was removed from work and admitted to the Neurological Hospital at Pavia. In 1949 he was admitted to this Institute with a pseudobulbar syndrome with a mild state of dementia, dysarthria, left facial paresis. Blood pressure was 175/90 mm. Hg. Disability was 100%.
Case 14.-Mal. L., aged 57, had worked at Plant P. as a spinner for 28 years, and as a rayon bobbin washer for two years. In 1946 heaviness of the legs, with progressive functional loss led to severe difficulty in walking. He left work in 1948 and was admitted to hospital in 1949 with a pseudobulbar syndrome with dysarthria, mental deterioration, extrapyramidal hypertonia, and spastic paraparesis. Blood pressure was 150/100 mm. Hg. Disability was 100%.
Case 15.-Mor. E., aged 54, had been employed at Plant P. as a spinner for 12 years and as a rayon bobbin washer for five years. In December, 1948, he had a stroke with right hemiplegia for which he left his work. He was admitted to hospital in 1949 with multiple encephalopathic lesions with right hemiplegia, dysarthria, pyramidal and extrapyramidal hypertonia, blood pressure varying from 185/130 to 150/90 mm. Hg. Disability was 100%.
Case 16.-Cav. P., aged 58, had been a rayon bobbin washer for 14 years at Plant C. In April, 1949, he had a slight transitory right-sided stroke. He 
